Abstract -Central Anatolian soils have high risk of erosion, degradation and intensive cultivation. Consequently, they are in danger of exhausting their agricultural use unless conservation agricultural practices are adopted. Conservation agriculture is a key tool in sustainable production systems throughout the world and is developed around soil management technology that minimizes soil disturbance, maximizes the soil cover and promotes crop diversity to offer benefits to farmers and to the environment. It has been particularly effective at sustaining crop production in semi-arid rain-fed regions such as the Central Anatolian soils, where potential evaporation exceeds precipitation during most months of the year, dry farming is extensively practiced, water and wind erosion is common, and proper application of water-and soil-conserving tillage technology is critical. The area under plow expanded its limits as the number of tractors in agriculture dramatically increased in the 1960s. This is the starting point for inappropriate use of the agricultural land. The conservation agricultural technologies, therefore, are of utmost importance for the region. Common farmers' practices of a fallow-wheat system in the central plateau of Turkey are incompatible with the conservation agriculture concept. The objective of this review is to re-evaluate the performances of the partial and full conservation tillage practices previously tried in the region. This review reached the following conclusions: (1) agreeing with the conservation principles, fall tillage as a primary operation in the fallow phase was found to be useless compared with leaving the land without tillage; (2) therefore, much research has focused on spring tillage as a primary operation and employed conventional, semi-conservative and conservative methods. Results showed that the conventional system, in addition to being ecologically unfriendly, is unprofitable as compared with other conservation practices regarding the updated cost analysis; (3) similarly, tillage depth in primary spring tillage was determined to be shallower than the depths currently practiced by farmers, in agreement with the conservation principles; (4) fallow tillage operations in summer to create dust mulch for eliminating soil moisture loss did not increase the crop yields and soil moisture as compared with chemical fallow; (5) no-till fallow was similar to the conventional clean fallow system in terms of moisture and yield levels. However, no-tillage resulted in 50% reduction in the cost of tillage besides its ecologically-friendly effects; (6) the existing dryland agricultural systems in the plateau should be transformed into or changed toward sustainable systems, although further research is required on residue and stubble management, and integrated weed control methods to drill the soil with high amounts of residue on the field. dryland farming / summer fallow / erosion / stubble / straw / tillage / no-tillage / weed control
INTRODUCTION
Conservation tillage is variously defined around the globe. In the USA, the definition includes a minimum of 30% soil only be made in the context of the crop species and varieties, soil types and conditions, and climates (Carter, 1994) . Conservation agriculture is developed around soil management technology that minimizes soil disturbance, maximizes the soil cover and promotes crop diversity to offer benefits to farmers and to the environment.
Common agricultural practices in the fallow-wheat system in Central Anatolia are incompatible with the conservation agriculture concept. Surface soil has no residue cover and loses its aggregation and becomes dust as a result of frequent tillage operations during the 16 months of the fallow period. In addition to fallow fields, the planted fields have no crop residue cover and are under high risk of wind and water erosion during the growing period of 10 months, but especially immediately before and after drilling. Measures to protect soils from wind and water losses are the prerequisite for the sustainable use of the croplands. In Turkey, as the importance of water erosion is well known, wind erosion has been regarded as unimportant and confined to special areas such as Karapınar-Konya andİncesu-Kayseri. For the last 5 years, we have observed severe wind erosion (especially during the Lodos -south wind) in Central Anatolia during the winter months. Roadsides and sheltered fields are covered with the sediments eroded from open fields (Fig. 1) . However, evidence of erosion is removed by rain or snowfall and soils then bear a resemblance to those affected by successive freezing and thawing events (Fig. 2) . Soykan (1962) reported that the soils blown by wind accumulated in sheltered places and sometimes heaped up to the windows of the houses in Central Anatolia. He also emphasized the fact that soil erosion was started even by the gentle winds in the case of soils with no or little residue on them and low organic matter. Mutaf (1970) indicated that abrasion and eradication of young plants by wind and covering of planted fields with the eroded soil were regarded as ordinary events in Central Anatolia. Christiansen Veniger (1973) provided some photos emphasizing the wind erosion problems in the central plateau. In order to reduce the hazard of severe wind erosion, many researchers recommended reconsideration of the summer (clean) fallow practices which make the soil more vulnerable to wind erosion by successive summer tillage operations and construction of wind breaks (Beşkök, 1957; Beşkök, 1966; Hans-Johaim Spath, 1975; and Aydemir, 1975) . Soil surface cover of living vegetation or crop residue is the simplest and surest way of reducing erosion. Small-stemmed residues such as wheat or barley create more friction with the wind than large-stemmed ones such as corn or sunflower stalks. Standing residue is more effective than lying residue to control wind erosion.
The crop residue cover reduces evaporation, and the standing stubble traps snow for extra soil moisture. At the same time, the crop residue reduces wind speed on the soil surface, and standing stubble anchors the soil, and traps the snow (MWPS-45, 1992) .
Most soils require 30 percent ground cover to prevent wind erosion. For cereal crop residues, this is equivalent to about 900 to 1100 kg ha −1 of residue. The best way to reduce water and wind erosion is to leave the crop residue on the soil surface. The amount of residue mulch reduces erosion to a different extent. Residue mulches of 1.24 and 2.47 t ha −1 minimized the loss of runoff water and soils on slopes of different lengths and steepness (Kramer and Meyer, 1969) . While 2.0 t ha −1 reduced the loss by 80%, a mulch rate of only 0.5 t ha −1 decreased the loss by 40% (Lattanzi et al., 1974) . In another study, erosion of 0.56 t ha −1 and 1.12 t ha −1 mulch rates was less than 25% of erosion without mulch (Meyer et al., 1970) .
In the central plateau, crop residue research was carried out on fallow fields by using treatments with and without stubble (burning). The effects of the treatments of stubble management on the fallow fields were evaluated on the next years' crop phase. Thus, wheat stubble left on the field caused 110 to 950 kg ha −1 less soil and 3.5 to 20 mm less soil water losses during the fallow phase, and 17 to 25% more subsequent wheat yields than stubble burning (Ayday, 1980; Sayın, 1983) .
Besides soil erosion control, the soil organic matter content is increased by leaving stubble on the soil surface. There is consensus that carbon sequestration potential is higher in humid temperate areas (0.1 to 0.5 t C/ha/yr) than in semi-arid and tropical areas (0.05 to 0.20 t C/ha/yr). Palm et al. (2000) measured carbon stocks, losses and rates of accumulation in Brazil, Cameroon and Indonesia. They concluded that carbon accumulation rates are much higher in aboveground biomass (at least 2 t C/ha/yr) than in soils (0.2-0.6 t C/ha/yr), and also indicate that tree-based agro-ecosystems, either plantation crops (e.g. oil palm, cacao and rubber agro-forests) or on smallholder farms, bring the greatest dividend, accumulating 3.0-9.3 t C/ha/yr (Sanchez et al., 1999; Sanchez and Jama, 2000) . Rapid decomposition occurred when the stubbles were buried to 12 cm depth and almost all the stubbles were mineralized in 18 months of the fallow period. On the other hand, only 33% of stubbles were decomposed when they were kept on the soil surface for the same period (Özbek et al., 1976; Cogle et al., 1987) . Thus, a substantial part (60-65%) of the stubbles accumulates on the soil each year. Our observations also showed that no debris from the stubbles of the previous harvest can be seen on the field at the planting time of wheat. This clearly indicates that all the residue which was buried by the moldboard plow is decomposed during the fallow season.
The purpose of this study is to re-evaluate the performances of the conservation tillage practices previously studied in dryland conditions in view of the current socio-economic circumstances; and thereby shed light on the current and future research agenda by presenting the pros and cons of the practices.
FALL TILLAGE IN FALLOW
The earliest studies on soil tillage in the fallow phase were performed by Kıraç (1937) during the 1930s. In his studies, tillage practices were evaluated in terms of soil moisture conservation and nitrate accumulation as well as grain yield of wheat. Comparing his findings with those found in dryland areas of the USA, Kıraç discussed the results of fall tillage practices more prudently than his successors and tested various implements (moldboard plow, disc harrow and no-tillage) for the following expectations: (1) controlling the weeds and volunteers during the fall; (2) burying weed seeds and eliminating them after germination; (3) increasing the rainfall penetration into the soil; and (4) enrichment of soil organic matter. Unfortunately, the results were in contrast to his expectations and one to 15% yield increase was obtained with no-tillage in the fall. Further investigating fall tillage, Gerek (1968) compared tillage and no-tillage on wet (good tilth) and dry soils with the control (moldboard plow in March) treatment under slope and bottom soils. The 18 years of results showed that while there was not any yield difference among the treatments on dry soil, significant differences were detected on bottom soils in favor of tillage. The advantage of tillage on bottom soil can partly be attributed to successful weed control by tillage treatment because the weed problem is expected to be more severe on bottom soils than slope soils. Volunteer and weed seeds germinate easily in the wet soil until the winter months and then are eliminated by the fall tillage. Thus, the fall tillage operation can contribute much to the weed control in wet soils. In another study, tillage treatments consisting of different reduced tillage methods and the moldboard plow were compared in 16 locations in Central Anatolia. Fall, spring and summer tillage practices were evaluated separately. The results of the fall tillage, although statistical analysis was not performed, showed that the moldboard plow provided more average yield than a chisel, subsoiler and no-tillage. The moldboard plow was superior to the other methods in only one year of the research. Therefore, by referencing the previous research results, the authors concluded no difference among the tillage methods, and recommended no-tillage in the fall for the central plateau (Pehlivantürk et al., 1977) . Dogan et al. (1977) tested various fall tillage methods in the plateau for three years. The results indicated that chisel plowing was superior to no-tillage and the subsoiler in terms of grain yield and moisture conservation. However, the yield difference was not found to be statistically significant. Therefore, they decided in favor of no-tillage. As a summary of fall tillage, it was concluded by all the research results that tillage practice in the fall did not make a difference. This conclusion supports the idea of conservation agriculture. Standing stubble keeps the snow in the fields, increases the infiltration capacity of the soil and reduces erosion. These facts make it unnecessary to till the field in the fall. If an area has soils which propagate weed infestation, or an impermeable soil layer, chisel plowing can be an alternative to no-tillage for those areas.
SPRING TILLAGE AS PRIMARY OPERATION
Because the fall tillage as a primary operation in the fallow phase was shown to be a useless operation as compared with no-tillage, tillage in spring became the main concern for many authors. Kıraç (1937) conducted his experiments by using the moldboard plow as a primary tillage tool. He compared this with disc harrowing in March and April to replace the moldboard plowing, the former being less costly than the latter. He found equal yields and equal soil moisture but different nitrate contents. The amount of nitrate was high in moldboard-plowed plots, because intensive cultivation encouraged microorganism activity which led to rapid and complete decomposition of the wheat stubble. In those years, the wooden plow was common in the Anatolian plateau. The demand to use the moldboard plow instead of the wooden plow (saban) was very high because of its extensive use and popularity in the developed countries. The people advocating the wooden plow were said to be "reactionary" to modern agriculture. Kıraç (1937) handled the issue in a scientific way and tested the moldboard plow, wooden plow and lister as primary tillage implements for three years (1932 to 1934) . The lister was preferred because it does similar work to the wooden plow. The results indicated that the wooden plow, contrary to expectations, was not as "dangerous" as a primary tillage tool and produced grain yields as high as the moldboard plow. However, it was stated by the author that it should be converted into an efficient metal tool by agricultural engineers. Gerek (1968) continued Kıraç's experiments on sloping and bottom lands for 18 years and found 1.32, 0.94, 1.00 and 0.99 t ha −1 average grain yields with March moldboard plowing as a control, the wooden plow, lister and cultivator, respectively, on sloping land. Great yield differences between the implements in some years (1939, 40, 44, 46 and 48) were not discussed by the author. This makes it difficult to comment on those yield differences. However, Kıraç (1937) observed that the lister and the wooden plow were characterized by tilling the soils shallowly, capturing the severe rainfalls of spring months in the soil and preventing wind and water erosion. As a consequence, we can conclude that the wooden plow and lister can be considered as the right equipment to be used in conservation agriculture and can replace the moldboard plow. On the bottom land, significant differences were not detected between the control (moldboard plow) treatment (1.48 t ha −1 ) and the wooden plow (1.41 t ha −1 ). The lister and cultivator yielded 12 and 15% less than the control treatment, respectively. Dogan et al. (1977) followed the recommendation made by Kıraç (1937) and modified the wooden plow into a metal form (Anatolian saban) which had a steel frame with several shanks. They compared the moldboard plow, the reduced moldboard plow, the metallic saban, Russian-type plow and sweep plow for four years. The modified metallic (saban) plow provided the highest yield in two years out of four and the second highest in the remaining other two years. The sweep plow also provided satisfactory performances. They recommended the Anatolian saban or the reduced moldboard plow as the primary tillage equipment (Dogan and Küçükçakar, 1987) . All the research results showed that equipment similar to the wooden plow will do a satisfactory job on the plateau. Mutaf (1970) tested the moldboard plow with a small cutting edge in front, moldboard plows in different forms, the disc plow, the cultivator, and the sweep (Graham) plow for three years at the Polatlı State Farm. The highest wheat yield was obtained with the moldboard plow with a small cutting edge in front. The lowest yields were obtained with the cultivator and subsoiling implements. He suggested that the cutting edge plow buries the structureless topsoil deeply and brings well-structured deeper soil to the surface; weeds, pests and organic residue on the surface are also buried deep in the soil, and humus is formed. Contrary to Mutaf's (1970) perception, much of the literature agrees that inverted soils lose their organic matter and structure rapidly (Mannering et al., 1975; Hill, 1990; Lal et al., 1998; Reicosky et al., 1995; Allmaras et al., 2000; Wilhelm et al., 2004) . Inverting of soil one in two years in fallow/wheat sequences only postpones the degradation process and does not eliminate or reverse it. As was stated by Reicosky et al. (1995) : "it is practically impossible to increase soil organic matter where moldboard plowing is taking place". The present situation on the plateau also shows that our soils lose aggregation and become tiny particles due to low organic matter content (Eyüpoglu, 1999) and primarily excessive moldboard plow tillage. Moldboard plow tillage and different reduced tillage methods were compared in 16 locations in Central Anatolia in the 1971-1977 period (Pehlivantürk et al., 1977) . The moldboard plow was recommended for soils with slopes up to 8%. It was suggested that areas in the slope ranges of 3 to 8% should be plowed perpendicular to the slope direction, and areas with more than 8% of slope be grazed. Those recommendations deserve some criticism. First of all, this perception did not consider wind erosion, that is not directly related to slope. Secondly, tilling the fields in the central plateau perpendicular to the slope direction is not a practical issue because most of the fields have a long border parallel to the slope direction. The last criticism is that a considerable amount of arable land on the plateau has slopes of more than 8% and there are no rules or laws acting to restrict the current use of those areas. Thus, the recommended method (moldboard plowing) and current extensive use of it by the farmers is not the right solution and involves none of the conservation measures that would prevent increased water and wind erosion.
The depth of tillage is very important in terms of water and soil conservation. The tilled layer retains more rain water than the untilled layer because of increased soil porosity. On the other hand, it accelerates the mineralization process of soil organic matter through enhanced oxidation. Surface (shallow) tillage results in lower soil disturbance and lesser amount of residue incorporation than deep tillage; consequently it leaves more residues on the soil surface (Sprague, 1986) . Because the main aim of conservation agriculture is to leave a sufficient amount of plant residue on the seedbed, whatever technology that achieves this can be welcomed. Thus, the moldboard plow operated shallowly during tillage can leave more residues on the soil surface as compared with deep and complete inversion of the soil. Tillage depths were evaluated by several researchers in primary tillage operations in the central plateau. Deep tillage (20 to 25 cm), control (15 cm) and shallow (10 cm) were compared in terms of grain yields of wheat (Kıraç, 1937) . The results showed that there was no difference between the deep and the control treatments and only a slight (2.5%) difference between the shallow and the control. Gerek (1968) tested the same treatments on different dates and in different soil conditions (on bottom and sloping soils) for 18 years. He concluded that shallow (10 cm) tillage operation in April was superior to the control and the deep treatments on both the slope and the bottom lands. He reported that shallow tillage did not completely invert the soil, resulting in partly buried stubble. He suggested that this greatly prevents wind and water erosion. He also emphasized the fuel economy of shallow tillage and prevention of loss of fertility caused by mixing topsoil with infertile parent material brought up by deep operations in the shallow profile soils common in the central plateau. Berkmen (1961) tested 10, 20 and 30 cm of primary tillage depths for 7 years and was in favor of depths less than 20 cm. The difference between 10 and 20 cm was 2.6% of grain yield on average. Ünver (1978) investigated time, implement and depth of primary tillage operations on soil moisture. Shallow tillage (11 to 13 cm) with the reduced moldboard plow and the sweep plow resulted in higher moisture than the moldboard plow. However, in cases of deep tillage (18-20 cm) the reverse was true. All of the research results we have discussed clearly demonstrate that, contrary to the current common farmers' practices of deep moldboard plow tillage, shallow primary tillage with the sweep plow and reduced moldboard plow, or even with the normal moldboard plow, tends to conserve more moisture than deep moldboard plow tillage, thereby emphasizing the importance of conservation agriculture for the region (Kıraç, 1937; Gerek, 1961; Berkmen, 1961; Ünver, 1978) .
SUMMER TILLAGE
The hot and dry summer period follows intensive spring rainfall on the plateau. Reducing soil moisture loss to a minimum during this period is the most important objective of the summer tillage. Moisture conservation can be achieved by reducing evapo-transpiration during this period. For this purpose, dust mulch and weed control are considered as two important tools. The significance of a surface dust layer (dust mulch) in terms of moisture conservation has always been emphasized when dry farming is the concern. The value of dust mulch was evaluated for moisture conservation. Four years of results indicated that weeds were the only reason for the mois- (Kıraç, 1937) . Similar results were found when dust mulch and chemical weed control (no-tillage) were compared in terms of wheat yield and soil moisture . The effects and importance of summer tillage operations in terms of conservation agriculture depend on the previous primary tillage operation on the fallow fields with standing and/or lying stubble. Inversion of soil as a primary tillage on those fields buries all the stubble into the soil. The subsequent tillage (summer tillage) operations will be of little or no value due to the unavailability of the crop residue on the field. Summer tillage research focusing on clean fallow is obviously beyond the scope of this paper (Dogan et al., 1977; Ünver, 1978; Pala, 1982; Dogan and Küçükçakar, 1987; and Güler et al., 1989) . However, it is remarkable to see that following the same primary tillage methods, chemical weed control operations outperformed the summer tillage alternatives in terms of yield and net benefits (Tab. II).
ECONOMIC CONSIDERATIONS
Much of the research on tillage systems was carried out during the 1970s. The price of petroleum was much cheaper, but herbicide prices were very high. Hence, the economic analysis carried out for the tillage systems should be updated. Different tillage systems comprise equipment for primary tillage and a sweep harrow combination and chemical spray for summer tillage; these were tested in five provinces of the Anatolian plateau over five years (Annual Reports of Soils and Crop Managements of Wheat and Training Project, 1972 to 1977) . According to the economic analysis (partial budget) on the updated costs and prices, yield losses with sweep tillage and offset disc harrows as primary tillage and chemical sprays as follow-up operations were compensated for by their reduced costs and reached identical profitability with moldboard plow systems (Tab. II). An interesting result was the difference 1971, 1972 and 1973 ) also showed similar results. Chemical fallow provided 130 to 260 USD ha −1 more profit than the method of conventional fallow. It should be noted that the herbicides used in chemical fallow were contact herbicides and could not control all weeds. Today, we have non-selective, systemic herbicides which control almost all types of weeds. Although we spend more money with the current moldboard plowing than the conservation fallow system, there is no guarantee of obtaining more return with the conventional fallow technology due to crop hazards, e.g., cold, frost and drought, which are becoming more frequent due to climate change. Therefore, Kıraç (1937) formulated a principle for the farming system on the plateau; which may be valid for all dryland production systems. "We need the low cost technologies which may be subject to partial yield loss more than the costly technologies which may have potential yield increase".
NO-TILLAGE
No-till is defined as planting crops in previous crop residue and unprepared soil by opening a hole, narrow slot, trench or band of the smallest width and depth needed to obtain proper coverage of the seed. This is a single technology to achieve different goals simultaneously; it sustains agricultural production, and protects the environment. It is the most developed conservation agriculture technology, which has many agroecological advantages: controlling water and wind erosion by leaving crop residue on the field surface, increasing organic matter, preventing stubble burning, common on the plateau, and reducing the cost of production and greenhouse gas release to the atmosphere by eliminating tillage. Central Anatolian soils oxidize to two meters, and are friable due to high calcium content and frequent freezing and thawing. Thereby, the physical properties (tilth) expected from tillage occur by themselves under natural processes (Kıraç, 1937) . So, we do not see many differences among the tillage methods affecting soil properties and crop yields. This implies that tillage can be easily avoided if stubble and weed problems can be overcome in our soils. No-till fallow (hand weed control) and till fallow plots plowed at various depths as primary tillage and follow-up monthly cultivations were compared for soil moisture contents at drilling time for three years (Kıraç, 1937) . No considerable differences were found between primary tillage methods including different tillage depths and no-tillage in terms of soil moisture at drilling time. Stubble mulch on till or no-till plots increased the amount of moisture stored and surface moisture. In dry years, no-till provided higher wheat yields than tilled plots, and vice versa in wet years. Soil moisture at 30 cm is less in no-till than tilled plots (Kıraç, 1937 ). This research clearly shows that if the weeds are controlled, no-tillage can replace the conventional fallow system. If straw was spread on the no-till plots (straw mulch), more soil moisture would be accumulated than in the conventional system. The results of only one season (1935/36) in which the soil was not frozen and allowed rainwater penetration into deeper zones show the effect of surface conditions (Tab. I). In a three-year experiment, Kıraç (1937) observed deeper penetration of precipitation into the soil profile with no-till and residue-covered plots than tilled plots. The soils of no-till plots froze later and to a shallower depth and kept water longer than tilled plots. They were more effective in terms of moisture storage than hand-weeded control plots and plowed stubble cover and showed the benefit of conservation agriculture. The no-till system will play a vital role in preventing common stubble burning, reducing tillage costs by 30% and reducing soil and water loss. The research at the Altınova State Farm (annual reports for 1971, 1972 and 1973) showed that chemical fallow was more profitable, with the net benefit amounting to 260 USD ha −1 more than tillage systems. The research conducted by the CRIFC produced informative results on what the type and the structure of planting machines should be in terms of suitability for the Anatolian region for the success of the no-till system. As a result, two types of drills were developed. Studies on conservation agriculture and no-till started in 1998 and are ongoing. The seven years of research showed that the grain yields of wheat were similar in no-till and till systems; however, the cost of notill was 50% less (134.5 USD ha −1 ) than the cost of a tillage system in fallow/wheat rotation (Avcı, 2005 and unpublished data) . Similar results were also attained with a legume/wheat system. The Dutch Ankara Embassy supported no-till activities for the transfer of this technology to the Central Anatolian farmers during the 2003-2007 period. We conducted on-farm field trials and field demonstrations and farmer training during this period. In a village (Çeltikli-Haymana), the benefit from no-till (chemical fallowing) was 37% more than the farmers' system (clean fallow). This went up to 53% with the use of the improved wheat cultivar Ikizce96 instead of an existing variety, Bezostaya1. In another test area (Temelli-Ankara), no-till vetch hay was 1240 kg ha −1 and 23% more than tillage vetch hay production. At the Polatlı State farm vetch (hay) and lentil yields were 0.5 t ha −1 (12%) and 0.45 t ha −1 (27%) more than the yields obtained from tillage systems. Two farmers in Bala and in Yerköy with large areas of land were in favor of the no-till system when they saw the benefits in the extremely dry season of 2006/2007 (project reports of 2003, 2005 and 2007) . They would like to extend the cooperation with research people and planned to plant a considerable amount of land with no-till systems. Similar climates to that of the plateau where conservation agriculture is well documented are in southern Australia and in the Pacific Northwest (PNW) of the USA. It will be instructive to use the experience of those regions in conservation agriculture. In southern Australia, the main elements in the conservation agriculture systems of direct drilling and stubble retention have been widely promoted. The benefits of conservation agriculture systems, which are reductions in erosion, increase in soil fertility, improvement in soil surface physical characteristics, and reduction in soil loss and bulk density, are well recognized (Poole, 1987; Steed et al., 1994) . Despite these benefits the adoption process has been considered slow although about 36% of farmers in southern Australia use no-till and 80% retain stubble to some extent. The main reason for slow adoption is the expectation that the yield of crops in these systems will not increase relative to conventional systems; however, results from field experiments show that yields of wheat with conservation agriculture may be either higher or lower than with conventional tillage, and that there is considerable year-to-year variation both within and between sites (Kirkegaard, 1995) . Conservation tillage in the PNW, like southern Australia, has been greatly influenced by soil degradation (Sojka and Carter, 1994) , but particularly by the high rates of erosion and the need for water retention in the drier areas. Freeze-thaw events and the associated problems with soil water storage and erosion have also been drivers in the adoption of conservation agriculture practices in the PNW. Like southern Australia, the rates of adoption have been low. In 2002, just 27% of the cropland in the states of the PNW was managed with conservation agriculture, and only 7.5% was managed with no-till systems (CTIC, 2004) . The constraints to adoption are similar to those mentioned for southern Australia, with the exception of concerns over inadequate seed zone water for crop establishment under conservation agriculture. In the PNW, early seeding, often ahead of the first substantial winter rains, is vital for early establishment of the winter wheat to ensure adequate winter survival. The experience of the PNW and southern Australia in conservation agriculture shows that the main driving force in the adoption of conservation and no-tillage technologies was to obtain more yield or more returns with conservation than with conventional technologies. We are at the beginning in the adoption of conservation agriculture for the Anatolian plateau. Farmers do not have sufficient information on the concept of conservation agriculture. Environmental indicators (erosion, flood) are not taken seriously by farmers. The growing concern regarding erosion problems amid intellectual circles and some NGOs such as the TEMA Foundation is focused mainly on the non-agricultural sites (rangeland and forest).
CHALLENGES AND IMPLICATIONS
Efficient and sustainable agricultural production requires that we continue to strive for systems that are efficient in their sustainability. In semi-arid regions of our country, conservation agriculture should be considered the primary standard by which systems and practices have been compared. Reduced productivity of our soils due to soil erosion, frequent tillage, intensive crop production and residue removal can be eliminated by reduced tillage systems. For example, previous research on tillage unanimously emphasizes no-tillage in the fall. For spring (primary) tillage, the Anatolian saban and the reduced moldboard and chemical fallow (no-tillage) outperformed in most of the experiments. However, there is not enough information about the residue levels and surface conditions in most of the studies. Therefore, studies on the amount and the state of crop residue (standing or lying of straw or stubble), and on the soil, water and crop yields are required for future research. On the plateau, demand for stubble grazing has been reducing because intensive animal production is replacing extensive systems. On the other hand, most of the straw is left in the fields besides the standing stubble in highyielding years. Consequently, we have a chance to use the crop residue to improve and protect our soils. Some of the research (Karaca, 1987; Güler et al., 1989) highlighted the grassy weed population increase with reduced tillage and its control by the moldboard plow. Problems with grassy weeds can be overcome when we understand the weed biology. Seeds of downy brome buried five cm or more in the soil cannot emerge and only 1% survived after two years (Wicks et al., 1971; Durutan, 1982) . Some of the chemical herbicides, metribuzin and diclofob, were found effective in control of downy brome (Durutan, 1982) . New herbicides, Attribut (a.i. propoxycarbazoneNa) and Monitor (a.i. sulfosulfuron.), to control grassy weeds involving downy brome have been produced and they are effective when following the manufacturer's instructions. IPM (integrated pest management) research, which takes into consideration crop rotations, herbicide application and agronomic practices, is needed for grassy weed control in the dryland plateau. The unavailability of good drills which can perform well in high residue conditions was the main obstacle to obtaining high yields with reduced tillage methods in the past. In order to facilitate drilling with the available seed drills, chemical fallow fields were tilled prior to seeding to prepare a good seedbed. The performances of the available drills in notillage agriculture are very critical to the adoption of no-tillage agriculture by farmers on the plateau. Most producers will want to use machinery that is already owned. Some small modifications to the current drills by attachment of cutting disks should be tried in the fall and the spring plantings. Because the soil is very soft and swollen, the spring planting seems more feasible than the fall planting and also important for the implementation of no-tillage. Purchase of additional equipment adds significant costs unless it can be charged against production costs over enough hectares and years. The practical benefit of slightly more moisture in the upper zone of clean fallow than reduced tillage at planting time was not studied in detail. The interpretation was about the potential benefit on the germination and emergence and seedling failure "ala tav" after planting (Kıraç, 1937; Pala, 1982) . However, the research on crop emergence and its pre-winter development is very limited in the region.
